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Abstract 
The variation in band gap energy with composition was determined for single crystals of ZnxCd1-xSe at 300 and 90k. 
Au- ZnxCd1-xSe schotkky (X < 0.5) Diodes were fabricated. Deep level were also investigated in these diodes using 
photo capacitance, which revealed the presence of two dominant levels with activation energies of 0.55 – 0.6 and 
1.14 – 1.16 ev referred to the valence band edge that were seemingly in dependence of the composition. 
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1. Introduction 
The ZnxCd1-x Se Mixed crystal system has obvious potential for opto-electronic applications the full 
range of composition of this material was demonstrated as early as 1951 [1]. This system has obvious 
potential for optoelectronic applications, since the bandgap energy may vary from 1.74 to 2.67 eV, 
covering most of the visible and near infra-red parts of the electromagnetic spectrum. As a consequence it 
has received some interest as a phosphor material for colour television screens [2]. Compositions near the 
CdTe and of the range have also been investigated as an alternative material to CdSe and CdTe in nuclear 
detectors since the large bandgap of (Cd.Zn)Se should result in less thermal generation of carriers with a 
consequent improvement in dark current and noise performance [3]. Recent work by Burger and Rath [3] 
D39 and by Al- Bassam [4-7] have shown that bulk crystals of ZnxCd1-Se can be grown over the complete 
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range of composition and some of the physical properties, such as lattice parameter and crystal structure 
have  already been reported [4]. 
These studies showed that for x < 0.5 the crystal adopts the hexagonal wurtzite structure, changing to 
the cubic sphalerite for higher values of x. The lattice parameter was found to vary linearly with 
composition up to the transition point, but compositions in the middle of the range (0.3 <x < 0.7) 
frequently had included grains of both the cubic and the hexagonal structure [8-9]. The result to be 
described in this paper relates to the variation of the band gap energy with composition. Photo capacitance 
studies were also carried out to provide a preliminary survey of some deep levels in the materials.  
2. Experimental 
The single – crystal material used in this study was grown from the vapor phase, using both the piper 
polich [10] and the Durham [11] Techniques. In both cases the source material was a mixture of 
polycrystalline ZnSe and CdSe. After growth the boule was oriented and cut into 4X4X2 mm2 dice. The 
resistivity for this material increased with increased Zn composition. The dice were mechanically polished 
down to a gain size of 1 um with alumina powder. After cleaning and a final etch in 2% bromine in 
methanol solution, for about 2 minutes, they were loaded into a vacuum coating system and a 2 mm 
diameter gold dot was evaporated onto one of the large area faces, to form a rectifying contact. Indium 
was deposited onto the reverse face to make an injecting contract to complete the fabrication of the scotty 
barrier diodes.  
The spectral dependence of photocapacitance was recorded at room and liquid nitrogen temperatures 
using a tungsten light source and a Barr and Stroud type VL2 prism monochromatic. The same system 
was also used for determining the spectral dependence of the photo- conductivity and in measuring the 
short circuit current photo response to determine the Au—Zn Cd1_Se barrier heights. Optical absorption 
measurements were made using a Carey 2300 spectrophotometer with powdered samples. After all the 
desired measurements had been completed the composition of the samples was determined by atomic 
absorption. 
3. Results 
3.1. Energy gap measurements 
The variation energy gap with composition was determined from optical absorption experiments at 
room temperature and from the spectral dependence of the photoconductivity. The absorption 
measurements which are shown in fig. 1 were used to obtain estimates for the bandgap energy from the 
position of the absorption edge. No attempt was made to analyze the spectra in detail. . Estimates for the 
bandgap energy were also made from measurements of the spectral dependence of the photoconductivity 
and these are shown in figs. 2a and 2b at 90 and 300 K, respectively. The results are summarized in fig. 3 
which presents the variation in the bandgap with x, the mole fraction of Zn. This shows that the bandgap 
varies smoothly and monotonically, but not linearly over the composition range. The dependence on 
bands gap with composition is often described by an empirical expression of the form [12] 
2)()()()( bxxbAEBEAEXE gggg   (1) 
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Fig 1. Optical absorption spectra for ZnxCd1-xSe samples with the different x values shown 
where A refers to the binary compound with the smaller bandgap energy (ie. CdSe), B refers to the binary 
compound with the larger bandgap (i.e. ZnSe) and b is a “bowing” parameter. It would appear from these 
results that this relationship holds well for compositions with x < 0.6 when values for [1], of 082 and 0.87 
were found at 300 and 80 K, respectively. However (his relationship appears to overestimate the bandgap 
energy for zinc rich Compositions with x 0.6 [9]. 
3.2. Photocapacitance results 
A preliminary survey of the deep levels present in the devices was made using photocapacitance 
studies. Thresholds in the spectral dependence of the photocapacitance generally indicate the presence of 
a deep level, so that a positive going threshold in an n-type material is taken to indicate an increase in the 
density of trapped positive charge. eg. the promotion of electrons from the level to the conduction band. 
Similarly, a negative going threshold indicates an increase in the density of trapped negative charge, i.e. 
an electron trapping process.  
 
  
  (a) (b) 
Fig 2. Photoconductivity response spectra; (a) at liquid nitrogen for Znx Cd1-xSe; (b) at room temperature for Znx Cd1-xSe 
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Fig 3. Variation in band gap energy of Znx Cd1-xSe with composition 
Photocapacitance spectra were measured at two temperatures for a number of devices with different 
compositions and the corresponding activation energies, together with the band-edge to which they refer 
(“ v” or “c” in brackets), are summarized in table.1. The principal positive going threshold observed in all 
the mixed crystal diodes corresponded to a level with activation energy of - 1.15 eV with respect to the 
valence band. A second prominent threshold was observed at energies corresponding to a level situated 
about 0.6 eV above the valence band which was also found in Au—CdSe diodes. Other thresholds were 
also observed in some of these devices, but were not consistently observed in all the devices investigated. 
Table .1. Summary of deep levels observed in Au-Znx Cd1-X Se Diodes 
Composition X Temperature (k) Activation energies (eV)   
0 300 0.70 (V)0.52 (v) -  - 0.1 (C) 
0 90 0.77(V) -  - 0.11 (C) 
0.1 300 1.14(V)0.6 (V) -  - - 
0.1 90 1.12(V)0.6 (V) -  - - 
0.36 300 1.15(V)0.55 (V)-   0.23 (V) - 
0.36 90 1.11(V)0.57(V) -  - - 
0.47 300 1.16 (V) 0.58 (V)- - - 
0.47 90 1.15 (V) 0.65 (v)-  0.19 (V) - 
220   A.A.I. Al-Bassam and U.A.Elani /  Energy Procedia  32 ( 2013 )  216 – 221 
4. Discussion 
In common with other II-VI mixed crystal compounds. The bandgap energy in ZnxCd1-x Se varies non-
linearly with the composition. The results presented here imply that for X< 0.6 the variation is quite well 
described by the usual quadratic expression [12] both at room and liquid nitrogen temperatures. However, 
this expression eq. (1) seriously overestimates the value of Eg near the ZnSe end of the compositional 
range. This is in contrast to ZnxCd1-x S where the quadratic (b= 0.61 [12]) relationship holds for all x- 
kolomiets and chun-ming Lin [13] have published some data on the variation of Eg with composition 
although they did not attempt to determine any empirical relationships. However, their values are in 
general agreement with those presented here, and show for example that at Cd rich composition Eg varies 
more slowly with x than at the ZnSe end of the spectrum. The increase in b with temperature is expected, 
since both CdSe and ZnSe experience different temperature coefficients for Eg. 
Deep levels have been reported in Zn0.3Cd0.7Se crystals by Burger and Roth [3] and by Lewis et al. 
[14] for Zn0.25Cd0.75Se. Burger and Roth identified a level located about 0.49 eV below the conduction 
hand, from a detailed analysis of space charge limited currents in their devices. They suggested that it 
might be associated ith a Cu-inter- stitial—Cd-vacancy pair by analog’s’ with a similar level in CdSe. 
Lewis et a!. reported observing two electron traps, with activation energies (referred to the conduction 
band) of 0.54 and 1.04 eV and three hole traps with activation energies (referred to the valence band) of 
0.2, 0.55 and 0.85 eV. These results were derived from a combination of photo capacitance and thermal 
and optical DLTS studies on Durham grown crystals. Consequently, it is probable that the 0.55 eV level 
reported by Lewis et al. and also by Al- Bassam [5-8] corresponds with the centre observed in all the 
samples investigated in the present study with activation energies in the range 0.55—0.6 eV. Lewis et al. 
suggested that the activation energy of this level is close to that of a widely reported centre in CdSe [14] 
of 0.62 eV which has been associated with doubly ionized Cd vacancies [14-15]. The other principal 
centre observed here at 1.1-1.15 eV is more difficult to interpret as it is situated in the middle of the band 
gap. However, this may be related to the trap reported by Lewis et a!. with an activation energy of 1.04 
eV with respect to the conduction band. Lewis et al suggested that this level would behave primarily as an 
electron trap.  
The uniformity in the activation energies for the two main levels observed in the photo capacitance 
spectra when these are referred to the valence band implies that these levels are pinned to the valence 
band. This might be anticipated in the case of the 0.6 eV centre, since this is thought to be related to the 
Cd vacancy. It is not known whether these deep levels are present in crystals. 
5. Conclusion 
Single crystals of ZnxCd1-x Se have been grown from the vapour phase over the full range of 
composition. Measurements of the bandgap energy show that it changes quadratically in x for x <0.6 with 
bowing parameter of 0.82 and 0.87 at 300 and 90 K, respective The conductivity of as-grown material 
falls sharply as in zinc fraction is increased beyond about 40%, which precluded the use of Au-ZnxCd1-
xSe diode structures for material with greater zinc concentrations.  
Deep levels were also studied from photo capacitance and revealed two main levels with activation 
energies (referred to the valence band) of 0.55—0.6 and 1.14-1.16 eV that were seemingly independent of 
the composition. 
 
 A.A.I. Al-Bassam and U.A.Elani /  Energy Procedia  32 ( 2013 )  216 – 221 221
References 
[1] Forgue S, Goodrich R,  Cope A.  RCA Rev 1951;12:335. 
[2] Lehamann W. Electrochem. J Soc 1966;113:449. 
[3] Burger A, Roth MJ.  Crystal Growth 1984;70:386. 
[4] Al Bassam A, Brinkman AW, Russell GJ, Woods J. British Assoc Crystal Growth Conf 1985. Brighton, UK. 
[5] Al-Bassam AA. The Arabian Journal for Science and Engineering 1990;15(2B):367. 
[6] Al- Bassam AA. J King Saud University 1993;5 (Science 2):199. 
[7] Al- Bassam AA. J Solar Energy Materials Solar cells 1999;323. 
[8] Al- Bassam AA. World Renewable Energy Congress VI 1-7 – July 2000. Brighton, U.K. 
[9] Al- Bassam AA. 20th European Photovoltaic solar energy Conference and Exhibtion 6-10 June 2005. Spain. 
[10] Piper WW, Polich SJ. J  Appl Phys 1961;32:1278. 
[11] Russell GJ, Wood J. J Crystal Growth 1979;46:323. 
[12] Hartmann H, Mach R, Sellable B. Current Topics in Materials Science 1982;9:1-414. 
[13] Kolomiets BT, Chum-ming. Physolid State 1960;2:154. 
[14] Lewis JE, Ture IE, Brinkman AW, Woods.  J Semicond Sci Technol 1986;1:213. 
[15] Robinson AL,  Bube RH. J Appl Phys 1971;42:5280. 
